Some researchers have claimed that chimpanzee and human culture rest on homologous cognitive and learning mechanisms. While clearly there are some homologous mechanisms, we argue here that there are some different mechanisms at work as well. Chimpanzee cultural traditions represent behavioural biases of different populations, all within the species' existing cognitive repertoire (what we call the 'zone of latent solutions') that are generated by founder effects, individual learning and mostly product-oriented (rather than process-oriented) copying. Human culture, in contrast, has the distinctive characteristic that it accumulates modifications over time (what we call the 'ratchet effect'). This difference results from the facts that (i) human social learning is more oriented towards process than product and (ii) unique forms of human cooperation lead to active teaching, social motivations for conformity and normative sanctions against non-conformity. Together, these unique processes of social learning and cooperation lead to humans' unique form of cumulative cultural evolution.
INTRODUCTION
In recent years, researchers have claimed that a variety of different animal species have some form of culture or cultural transmission. Culture has been claimed, for example, for dolphins and whales (Rendell & Whitehead 2001) , New Caledonian crows (Hunt & Gray 2003) , chimpanzees (Whiten et al. 1999 ), orangutans (van Schaik et al. 2003 , Japanese macaques (Huffman 1996) and capuchin monkeys (Perry et al. 2003; Fragaszy et al. 2004) . Assuming that these claims are to some degree valid, this means that cultural transmission as an evolutionary process may arise in a wide variety of species given the right ecological and social conditions.
In the case of primates, the further claim is sometimes made that chimpanzee culture and human culture are homologous, that is, that their common ancestor some 6 million years ago passed on to both species the same basic skills of cultural transmission (Boesch 2003; Whiten et al. 2003; Byrne 2007) . Although this may be true for some aspects of the process, for others it is clearly suspect, as chimpanzees' sister species, bonobos, who shared that same common ancestor, have so far provided little evidence of cultural traditions or transmission in natural populations (though of course they have not been observed nearly as closely as have chimpanzees). The other possibility is that chimpanzee culture has evolved on its own, perhaps even after the split from bonobos, and represents simply one more among many different kinds of animal culture.
Regardless of whether chimpanzee and human culture share some common mechanisms, which they almost certainly do, what is undeniable, we would claim, is that human culture is an evolutionarily unique phenomenon. Prima facie evidence of this uniqueness is the kind of products human cultures produce: material and symbolic artefacts from industrialized technologies to language, to money and to symbolic mathematics. These cultural products suggest the possibility of some unique types of cultural transmission processes in humans. Also important in a full assessment of human culture are humans' many unique forms of cooperative social practices and institutions from marriage to religions to governments. Tomasello et al. (1993a) claimed that from the point of view of process, a key feature of uniquely human cultural products and practices is that they are cumulative. One generation does things in a certain way, and the next generation then does them in that same way-except that perhaps they add some modification or improvement. The generation after that then learns the modified or improved version, which then persists across generations until further changes are made. Human cultural transmission is thus characterized by the so-called 'ratchet effect', in which modifications and improvements stay in the population fairly readily (with relatively little loss or backward slippage) until further changes ratchet things up again. This process obviously relies both on inventiveness, for the cultural novelties, and on faithful transmission across generations to keep the novelties in place until other novelties come along. The claim in the original paper was that while inventiveness is fairly widespread among primates, humans transmit cultural items across generations much more faithfully, and it is this faithful transmission (the ratchet) that explains why human culture accumulates modifications over time in a way that chimpanzee and other animal cultures do not.
In this paper, we would like to update our characterization of the ratchet effect in light of recent studies and discussions on the topic of chimpanzee and human culture. Much more is known now about the nature of chimpanzee cultural traditions in the wild, and recent experimental studies, especially by Whiten et al., have provided new and important data on chimpanzee cultural transmission. At the same time, new empirical and theoretical research with human children has demonstrated some potentially species-unique processes of cooperation, social imitation, pedagogy and social norms of conformity, which might plausibly be linked to the human cultural ratchet. Whiten et al. (1999) reported the results of observations and discussions among the major chimpanzee fieldworkers relevant to the question of chimpanzee culture. These fieldworkers reported observations of interesting chimpanzee behaviours and checked whether they occurred at other field sites. Based on these discussions, and some systematic published data, several dozen population-specific behavioural traditions were identified as 'cultural'-meaning that they were used by most members of a population, not used by most other populations, and most likely due to some form of social learning (because they did not seem to be due to ecological factors).
CHIMPANZEE CULTURAL TRADITIONS
Ecological surveys such as this are an important first step, but to determine the nature of chimpanzee traditions in detail, more systematic studies are needed (see also Galef & Giraldeau 2001) . One of the most systematic field studies to date is that of Humle & Matsuzawa (2002) on the ant-dipping of the Bossou chimpanzees. Ant-dipping was at one time used by many fieldworkers as the best example of chimpanzee culture because it involves different groups engaging in the same basic foraging activity-poking sticks into ant nests to capture and eat ants-but each group seems to do this in its own way (Boesch & Boesch 1990 ). Thus, chimpanzees in the Tai Forest dip for ants using short wands and bite the ants off the wand directly (Boesch & Boesch 1990 ), whereas at Gombe National Park they use longer wands and typically (though not always) pull the ants off it with their other hand before eating them (McGrew 1974) . Humle & Matsuzawa observed that the chimpanzees at Bossou sometimes use both techniques. They found that the choice of technique is driven in the first instance by the length of the wand: biting from shorter ones and pulling ants off with longer ones. In turn, the length of the wand is driven mainly by the aggressiveness of the ants-with different species of ants being differentially aggressive, and all ants being more aggressive at the nest than when on the move-and longer tools are used (to avoid being bitten) when the ants are more aggressive.
1 It may thus be that different levels of aggressiveness on the part of different ant species, and whether ants are either at the nest or on the trail, drive the group differences of behaviour-with social learning playing no or only an assisting role. Indeed, in a survey of ant-dipping in all of the chimpanzee populations in Africa in which it has been observed, Schö ning et al. (2008, p. 10) conclude 'Our data do not show that variation in army-ant-eating is sociocultural . . . '.
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Even though the systematic study of ant-dipping has undermined to some degree the claim of its cultural status (though see Mö bius et al. 2008 for a different view), it may well turn out that some chimpanzee behavioural traditions will survive close scrutiny. But this must be demonstrated systematically and quantitatively for each case independently. Another important method is exposing naive captive individuals to materials from the wild and seeing what they do with them. Thus, Huffman & Hirata (2004) found that giving medicinal leaves-whose use was thought to be socially transmitted in the wild-to naive individuals in captivity resulted in several using them in ways similar to wild chimpanzees, thus, in our view, undermining the social transmission hypothesis to some degree in this case as well (see Tennie et al. 2008 for a similar study undermining the idea that programme-level imitation is key for the acquisition of gorilla nettle eating). A related issue is potentially cultural behaviours that seem to have multiple origins, which turns out to be true for two of the best-known chimpanzee traditions. First, the so-called grooming hand-clasp (McGrew & Tutin 1978) has arisen in several populations independently, including at least one in captivity not even on the African continent (de Waal & Seres 1997) . Second, nut cracking was always thought to occur only in West Africa on the west side of the Sassandra river, but it has recently been found 1700 km to the east, with many non-nutcracking populations in between (Morgan & Abwe 2006) .
The most plausible explanation of chimpanzees' cultural traditions in the wild, then, relies on the fact that we are dealing here with behaviours that are inventable by individuals, perhaps particularly gifted individuals. After individual invention, a novel behaviour may spread within groups by some form of learning, with the within-group spreading being made possible by the ease of individual invention. We may thus envision here a kind of 'zone of latent solutions' (ZLS). Some latent solutions then are things that individual chimpanzees could easily invent on their own, whereas others might arise rarely and only if all conditions are right. In the easy cases, we would expect almost all chimpanzee groups to have the behaviour, whereas in the more externally and internally (e.g. physiological or motivational) dependent cases, the presence of the behaviour across populations would be more scattered (e.g. nut cracking). But once an individual in a group has invented the behaviour, its activities make it easier for others to learn. Thus, nut crackers and termite fishers leave their tools and detritus behind, and in the right place, which makes the learning of their offspring and others much easier. In addition, there could be several processes of social learning at work-such as stimulus enhancement and emulation learning (see below)-that facilitate the spread of an individually invented behaviour in a group as well.
Our claim is thus that the behaviours one sees as part of chimpanzee culture are all things that individual chimpanzees could invent on their own fairly readily if all of the external and internal conditions are right. While some such behaviours will be highly likely for all groups (like making nests), others will need more environmental input (which sometimes can take an indirect route via physiology) in order to develop-perhaps even in the right order and at the right time-and these will then necessarily be relatively rare behaviours or 'inventions'. But once an individual in a group has invented one of these rarer types of behaviour, its activities, or resulting products, make it considerably easier for others to repeat the behaviour-and this they do basically on their own by mostly re-inventing it (e.g. by 'product copying' or emulation learning; Tomasello et al. 1987) . What this means is that non-human ape (ape henceforth) cultures are restricted by the upper boundaries of their species' ZLS, i.e. their physical cognition skills (see also Richerson & Boyd 2008 for a related theoretical and general discussion consistent with our view). Whether a given behaviour within these boundaries is then actually exhibited is determined by: (i) the species' cognitive and learning skills; (ii) the ecologies to which they are exposed; and (iii) the social situation in terms of the age and rank and number of practitioners that are potentially observable, as well as the general 'sociability' of the species (see van Schaik & Pradhan 2003) .
Given this general view, we may then account for different traditions in different chimpanzee groups often by different local ecologies, as in the case of ant-dipping and many other tool use behaviours. The other main possibility is basically random 'founder effects'. Thus, if an individual in a given chimpanzee population, by chance, invents a way to crack nuts with a wooden stick, then the others in its group-by virtue of their exposure to sticks and open nuts in close proximity-will be exposed to learning conditions favouring the individual discovery of stick use (perhaps influenced by stimulus enhancement and emulation learning). In another population, the whole process might proceed in the same way but with a stone tool, thus generating different traditions within the different populations, depending mainly on the different first steps in the process. In both cases, the populations are copying products that are within their species' ZLS.
CHIMPANZEE AND HUMAN SOCIAL LEARNING
In none of the reports of behavioural traditions in wild chimpanzee groups has anyone claimed to observe a behavioural tradition that seemed to accumulate modifications over time (though see Matsuzawa 1994 for a related claim of chimpanzees using human-provided tools). This is not because of the fact that we have not been observing chimpanzees in the wild for so very long, as even a brief observation of almost any human group will reveal tools (and also symbols and other artefacts) that could be as they are only if they have accumulated modifications over time. This accumulation is presumably due, or at least plausibly due, to some unique processes of social learning and transmission.
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Based on extensive reviews of experimental literature, Tomasello (1990 Tomasello ( , 1996 and proposed that one important factor leading to the ratchet effect in human culture, but not chimpanzee culture, is that human social learners focus in on different information. Specifically, when chimpanzees observe someone using a tool, for example, they tend to focus on the effect being produced in the environment, and they pay little attention to the actual bodily actions of the tool user. They then use their own behavioural strategies to produce that environmental effect. Thus, they re-construct the product rather than copy the process leading to it. Thus, if they have to 're-invent the wheel' at each transmission step, the result will always be recognizable as the same, unchanging type of wheel-since, importantly, the resulting wheel's designs will always be independent realizations drawn from the same ZLS. This re-invention is emulation learning. Although humans in many situations rely on emulation learning as well, they also sometimes pay attention to the actual behaviour or behavioural strategies of a demonstrator. This means that the fidelity of copying in the case of humans is much greater and includes a wider range of activities, since the focus of the learning is not just on the environment but rather on the intentional actions of others. And better copying by individuals enables ratcheting across generations, since cultural artefacts and practices can evolve only if the added modifications do not degenerate beyond recognition (Richerson & Boyd 2005) .
Recently, Whiten et al. have performed a series of experiments demonstrating that chimpanzees do learn some aspects of demonstrations from one another, and this they do also across 'transmission chains'. Whiten et al. (2005) taught two chimpanzees-each from a different captive groupdifferent ways to open a food box, one by poking a stick into it and the other by lifting a kind of door. Each was then placed back into its home group. The main finding was that the individuals of each group tended to use the technique demonstrated by the trained individual. Importantly, some individuals discovered the method not demonstrated in their group, and then later switched over to the method that everyone else in their group was using (actually, only one individual did so clearly). While this is certainly powerful evidence that social learning of some kind may potentially underlie the behavioural traditions of chimpanzees in the wild, it is entirely consistent with our ZLS view: the apes did not learn anything radically new or improbable, but rather had their attention drawn to things by the demonstrators, and then solved the problem for themselves. And they were not learning about actions but rather about how or where the box works-without attending much or at all to the behavioural techniques used that the chimpanzees in their study were not using emulation learning because they failed to learn in a condition in which the box simply operated itself (called a ghost condition; Heyes & Ray 2000; see also Tennie et al. 2006) . But it is not at all clear that chimpanzees attend to a moving box in the same way they attend to the results of others' actions, and the food in the Hopper et al. (2007) ghost condition was sometimes dispensed to the observers after the box's actions, creating a potential distraction (see also Byrne 2002 for a general critique of ghost conditions). Note, however, that chimpanzees evidenced at least some emulation in a subsequent study (Hopper et al. 2008 ). And we know from a number of other studies that apes do indeed engage in emulation learning with regularity, in the sense that they reproduce results and ignore actions (see Tomasello 1996 for a review).
Another important fact is that when these same investigators attempted to duplicate the results of Whiten et al. (2005) on another pair of captive chimpanzee groups, the results were not as clear-cut (Hopper et al. 2007) . Indeed, in the group that saw the lifting action, many individuals nevertheless poked (presumably because poking may be a preferred strategy). This does not mean that chimpanzees in the first study were not learning socially, it just means that social learning in chimpanzees is a fairly fragile phenomenon, which can be fairly easily overridden by individual preferences (Tennie et al. 2006) . This is further support, in our view, for our ZLS account. Chimpanzees will socially learn something if, and only if, it is something they (i.e. some individualseven if only very few) could in principle learn for themselves (and this can be tested by presenting naive individuals with all necessary raw material; for examples of such 'latent solution experiments', see Huffman & Hirata 2004; Tennie et al. 2008) . Tasks outside their ZLS are not copied, but it would be misleading to think that the underlying processes to derive the solution are merely too difficult to copy (Whiten et al. 2009 , but compare Tennie et al. 2006 ). As we have argued: these processes are simply not readily copied by the apes. Rather, what happens in these cases is that the observer cannot re-invent the solution on her own. Thus, the behaviour cannot spread (and in fact it could not have been invented in the first place).
Additionally, two recent studies have shown that chimpanzees also are reluctant to adopt any new behavioural strategy if they already have one that works (Hrubesch et al. 2008; Marshall-Pescini & Whiten 2008) . In sum, it is still possible that apes in the Whiten et al. diffusion experiments are learning behavioural outcomes (products) via emulation learning, not behavioural processes via action copying. Product copying can lead to changes in behavioural traditions, but for the accumulation of useful modifications process copying is required.
An especially telling additional fact is: chimpanzees have never shown evidence for socially learning communicative gestures. This is important because communicative gestures cannot in most cases be acquired by emulation learning, and the ZLS is not really applicable-since gestures produce no effects on the environment (other than sometimes noise). Of most direct relevance, performed an experiment of the general type performed by Whiten et al. (2005) , but with gestures. One chimpanzee was taught a novel gesture and put back in the group to demonstrate it (on two different occasions using two different gestures and demonstrators). But the other members of the group did not pick up this gesture (chimpanzees very likely learn their gestures individually via ritualization). Failures have many potential explanations, of course, but it is relevant that to learn to mimic bodily actions in the so-called 'do as I do' paradigm, human-raised chimpanzees need several weeks of training (Hayes & Hayes 1952; Custance et al. 1995) , which suggests that copying actions is not something that they do with special skill or ease (or fidelity; see review in Huber et al. 2009 ).
What about human children? The first important fact is that whenever experimental studies have included a comparison between chimpanzees and human children, the children are much more inclined to copy actions. For example, in the studies of Nagell et al. (1993) and Whiten et al. (1996) , 3-year-old human children reproduced demonstrated actions in problem-solving tasks much more faithfully than did chimpanzees. This result was corroborated by Call et al. (2005) , who found more particularly that chimpanzees preferentially focused on the outcomes of problem-solving activities (product copying), whereas human children preferentially focused on the actions of the demonstrator (process copying). Importantly, found that observer chimpanzees tended to ignore irrelevant actions on a box when their causal ineffectiveness was clear, but tended to produce them when their causal effectiveness was unclear-again suggesting that chimpanzees are focused in the first instance on the desired outcome and only secondarily on the demonstrator's actions. In contrast, in this study, as well as that of Nagell et al. (1993) , the human children paid much more attention to the actions of the demonstrator, even ignoring the apparent causal relations governing the problem in order to imitate the adult's behavioural strategiesnot an intelligent approach, perhaps, but one more focused on demonstrator actions. In general, in all of the studies in which chimpanzees and human children have been compared, the clear result is that the human children are much more focused on the actual actions of the demonstrator, whereas the chimpanzees are much more focused on the outcome of the demonstrator's actions. The one potential exception is some human-raised chimpanzees, that seem to focus more on actions (Tomasello et al. 1993b; Bjorklund et al. 2000; , which may suggest, possibly, that the issue is more one of motivation than competence. Further evidence for the motivational hypothesis comes from recent evidence for action copying in marmosets which even lack material culture but may simply be more motivated to copy actions than are chimpanzees (but they might also be more skilled (Voelkl & Huber 2007 ); see review in Huber et al. 2009 ).
And so, a reasonable hypothesis to explain all of the recent data on chimpanzee social learning might be as follows ; see also Call & Carpenter 2002) . Chimpanzees are able to understand to some degree the goal of a demonstrator's action, and as observers they tend to focus on that goal, or else the actual outcome-with little attention to the actions designed to achieve that goal. Being raised and/or trained by humans can lead chimpanzees to focus more on actions. In all cases, chimpanzees only attend to outcomes and actions that are in the chimpanzee's ZLS, and only when they do not have another effective strategy already. Human children-perhaps through some kind of adaptation for cultural learning in general, especially for 'arbitrary' actions such as communicative conventions for which reproducing exact behaviours is crucial-focus much more on the actions involved (process copying). It is important to note, however, that children also focus quite a bit on outcomes in concrete problem-solving situations (Nagell et al. 1993; Tennie et al. 2006) , and so one might actually say it this way. In observing instrumental actions, apes in general, including humans, tend to focus on the outcome, either produced or intended, but in some cases they analyse the action backward to the behavioural technique used to discern how that outcome was achieved; human children engage in such analysis more naturally, more frequently and perhaps more skillfully, than do chimpanzees and other non-human primates.
Putting together the observations of chimpanzees in the wild with recent experimental results, then, we may thus provide an explanation of chimpanzee cultural traditions comprising four major elements. First is the ZLS, reflecting in a probabilistic way the latent capacities of individuals to invent novel solutions to novel ecological problems on their own-given the appropriate learning conditions. Second is the social environment in terms of who, how and how often a tradition is practised with opportunities for potential learners to observe, setting the conditions for learning. Third is the social learning capacities of individuals in terms of such things as stimulus enhancement, emulation learning and imitation or process-oriented copying. And fourth is the founder effects, because of serendipitous circumstances of various kinds, that set particular populations down a particular behavioural pathway.
EXPERIMENTAL STUDY: THE LOOP TASK
We believe that, in order to test our ZLS hypothesis, it is best to move away from using tasks that apes can solve on their own, or can solve with only minimal information (e.g. local or stimulus enhancement). And so, as further evidence for differences between apes and children in social learning abilities, we recently conducted a comparative study of social learning using a task that would require them to learn something new. Thus, we included a baseline condition to see if the behaviour to be learned was already in the repertoire of the examined species, that is, if it was in their ZLS before the demonstration. The rationale was that we tested whether apes could learn something outside their ZLS, which we hypothesize that they cannot.
(a) Method (i) Participants Twenty-six great apes, based in Leipzig Zoo (seven chimpanzees, six gorillas, eight orangutans and five bonobos) and 27 human children (age 4 years, sex ratio balanced) participated in this study, resulting in a dataset of 25 ape subjects and 24 children subjects.
(ii) Materials We used a small, plastic platform that had a protruding screw. The ape and child platforms were calibrated to their relative sizes. Prior to test, the rewards (apes: two grapes, split in halves; children: two small stickers) were placed on the platform. The attached screw then protruded upwards, near the broad front (figure 1). Subjects were handed pieces of straightened, slightly moistened (so that the material would be more flexible) wooden wool (also calibrated to their relative sizes: 25 cm long pieces for children and 40 cm long pieces for apes). Subjects could form a loop with the wooden wool, push the whole loop through the mesh and put it over the screw (figure 1). They then could pull the baited platform towards themselves, to collect the rewards.
(iii) Procedure Each subject was first tested in a baseline, to check for spontaneous loop productions. Then each subject participated in only one of two conditions: object movement demonstration or social demonstration. Subjects were distributed among the two conditions counterbalanced as much as possible for age, species and sex. This resulted in 12 apes and 12 children in the social demonstration condition and 13 apes and 12 children in the object movement demonstration condition. Apes were tested three times, once per day: on the first day, they received the baseline trial, then the respective demonstration trial, and only the latter demonstration was repeated on days 2 and 3. Altogether, this resulted in one baseline and three experimental trials. Children were tested on 1 day (resulting in one baseline and one experimental trial per child).
For the apes, testing took place in their sleeping rooms, while children were tested in a separate room at their daycare centre. Apes stood or sat facing E through the mesh. Children were seated facing E, with a mesh-box on a table in between the subject and E. The children's mesh-box's front was 40 cm high, and its upper part was made of Plexiglas (30 cm), while the lower part was made of mesh (10 cm). All subjects were tested individually and out of sight of other subjects. Children received a warmup phase before testing to make sure that they were unafraid to put their fingers or objects through the mesh. All subjects were verbally encouraged to solve the task, with language such as 'Look! Try to get it'.
Baseline. All subjects, regardless of experimental condition, received a baseline trial before they were given any demonstrations. Here, the platform was baited and then placed in position. Then the subject was given one piece of wooden wool through the lower right corner of the mesh. If subjects pushed out the filament, they were given it back for a maximum of three times (otherwise they would have been excluded). No other information was provided, i.e. the platform was not moved in any way after placement by E. Then the subject was free to interact with the setup (5 min for apes, 2 min for children).
Social demonstration condition. Same as baseline, except that here, before the subject was given the filament, E demonstrated loop production and usage. For this, E took a small piece of wooden wool (20 cm long in all cases), slowly formed a loop in full sight of the subject and used it with one hand to slowly pull the platform towards the mesh, reaching over his body to do so. Once the platform reached the mesh, it was pulled back to its original position, by pressing down one finger on the back of the platform.
Children were required to see fewer demonstrations than apes (pilot tests suggested that children would otherwise become bored). Apes were required to watch at least five full demonstrations defined as watching a demonstration from the beginning till the end during a 10 min period. However, if an ape had already seen five demonstrations after 6 min, the demo phase was concluded. Children were required to observe at least two full demonstrations to a maximum of six.
Object movement condition. Same as demonstration condition, except that E did not form and use a loop to solve the task. Instead, E used one of his fingers, pressed onto the side of the platform facing him, to move the platform slowly towards the mesh, as well as back again. Thus, here only the potential object movement was demonstrated.
Coding. We videotaped (and live coded) all the trials and scored whether a subject ever formed a loop ('loop production'), tried to push it through the mesh ('attempt loop usage') and further, whether a subject was successful in getting the rewards with such a loop ('loop success'). To assess inter-observer reliability, two naive coders coded all behavioural categories for apes and human children from videotape. Reliability was nearly perfect (only one mismatch in total).
(b) Results
No great ape in any condition (including the baseline) produced a loop. Similarly, no child produced a loop during the baseline. After object movement demonstrations, 1 out of 12 children produced a loop and succeeded in getting the reward. After social demonstrations, 9 out of 12 children produced a loop, 8 attempted to use this loop to get the platform and 4 were successful. Children who observed the social demonstration were significantly more likely to produce a loop and try to use it (Fisher's exact p , 0.01 in both cases) than children who only observed the object movement. Apes and children did not differ significantly in the number of loops produced in the object movement condition (Fisher's exact p ¼ 1.0) but children produced more loops and also attempted to use them more often than apes did in the social demonstration condition (Fisher's exact p , 0.01 in both cases). (c) Discussion No ape ever produced a loop in the baseline or in the object movement demonstration condition, which suggests that loop usage is indeed outside their species' ZLS. No ape ever learned to produce loops after social demonstrations, which lends further support to our ZLS hypothesis. We do not believe that the reason the great apes failed in this task was because of a general inability of gripping and producing loops, as one gorilla (apparently by chance) was once observed to produce a loop (Kathrin Greve, personal communication, 2005) .
In contrast, human children were greatly influenced by social demonstrations, but object movement demonstration alone also enabled one child to invent the solution on its own. The findings on human children can be best explained by reference to culture: the cultural adaptation of humans enabled the children to copy the process to solve the task, but also allowed one child to find the solution on its own (enabled by cultural intelligence, see below). Owing to the success of this one child, we currently cannot discount the possibility that the loop task lies within the human ZLS. We suspect, however, that younger children (who are more close to our own species' ZLS) would fail to produce loops on their own, yet would also have no problem to imitate them.
COOPERATION AND SOCIAL TRANSMISSION
A major dimension of human culture that makes it stand out relative to that of chimpanzees and other non-human primates is cooperation. Humans cooperate in large groups with non-kin, even strangers, to an unprecedented degree, based on species-unique skills and motivations. Such cooperation is necessary for participation in all kinds of cultural institutions, from marriage to government, that seem to be unique to humans, and it is also necessary for the kind of cooperative communication uniquely characteristic of the human species as well (Tomasello, in press ). Cooperative activities are thus an essential component in a full characterization of human and chimpanzee culture.
But in addition, uniquely human cooperation also plays a role in the process of cultural transmission, both in terms of innovation and transmission. In terms of innovation, it is obvious that in human cultural groups many behavioural novelties are not created by individuals but rather by groups of individuals working together. Improved ways of hunting large prey, for example, would almost certainly be invented by multiple individuals in the process of their collaboration. Even more broadly, when individuals use the cultural artefacts and practices invented by others before them they are, in a sense, collaborating indirectly with those others-so that any improvements they make are owing to a kind of indirect collaboration, as they build on the products of previous inventors. This means that the cultural intelligence that individual human beings build up is much more of a collaborative enterprise, either directly or indirectly, than is that of non-human primates (van Schaik & Pradhan 2003). Whiten & van Schaik (2007) have argued that ape culture makes individuals smarter than they would otherwise be. Although we agree that culture can potentially make an individual smarter by extending its ZLS, we disagree that ape culture actually accomplishes this for individual apes. Owing to the current excitement generated by chimpanzee social learning studies, it is easy to forget the crucial contribution of individual learning to ape problem solving (see above). Unlike ape culture, human culture can extend the ZLS by providing knowledge accumulated across many generations that an individual alone could never produce.
Uniquely human forms of cooperation also play a fundamental role in human cultural transmission. They do this, we think, in three main ways. First is teaching. Teaching is of course a form of altruismthough it may often be directed at kin-and so presupposes cooperative motives. An instructor expends some time and energy making sure that a pupil gains a certain piece of knowledge or skill (Caro & Hauser 1992; Tomasello et al. 1993a; Thornton & Raihani 2008) . Teaching is present in all human societies we know of (Kruger & Tomasello 1996) , and it is clearly not an everyday activity among chimpanzees or other non-human primates-though something in this direction may occur occasionally (e.g. see the two single observations of Boesch 1991, though these have multiple interpretations (Maestripieri 1995) ).
Teaching may be especially important for those kinds of cultural conventions-for example, communicative gestures or linguistic items-that cannot be invented on one's own but can only be imitated from others (Tomasello 1999; Hoppitt et al. 2008) . Indeed, Gergely & Csibra (2006) have recently elaborated an account explaining why the existence of relatively 'opaque' cultural conventions (there is no causal structure or else it is difficult to see this structure) requires both that human adults be specifically adapted for pedagogy toward children and that human children be specifically adapted for recognizing when adults are being pedagogical-which is typically indicated by the same behavioural signs as cooperative communication in general, such things as eye contact, special tones of voice and so forth (and indeed teaching may be seen as one manifestation of human cooperative communication in general; Tomasello 2008). Gergely and Csibra emphasize that when children detect pedagogy, they assume that they are supposed to be learning something otherwise opaque to them that applies to the world in a general way.
The tendency of adults and children to engage with one another pedagogically means that at least some human cultural traditions are passed on through teaching. The main point is that teaching from adults and sensitivity to teaching from children provides much additional strength to the cultural ratchet. Specifically, if adults have the proximate goal that children learnand they will do whatever is necessary to make sure that they learn-this strengthens immensely the cultural ratchet. Children, for their part, must trust adult teaching and be ready to change behavioural strategies-in a way that chimpanzees apparently are not (Hrubesch et al. 2008; Marshall-Pescini & Whiten 2008 )-as soon as they see a better one.
The second way in which cooperation feeds into cultural transmission involves a special kind of imitation or, more precisely, a special kind of motivation for imitation, or even conformity. Uzgiris (1981) noted that human children not only imitate in order to acquire more effective behavioural strategies in instrumental situations-as has been the main focus of research so far-but they also sometimes imitate for purely social reasons. That is to say, human beings often imitate others simply in order to be like them. The tendency of humans to follow fads and fashions in their cultural group for no apparent instrumental reason-to conform to the group in all kinds of non-instrumental ways-are well known and well documented (see any social psychology textbook). The evolutionary basis of this behaviour is very likely to be identification with the group, in the context of cultural group selection (Cavalli-Sforza & Feldman 1973 )-which requires, as its fundamental component, very strongly conformist cultural transmission (Laland et al. 2000; Richerson & Boyd 2005) . Although there have been some anecdotal reports of things that some people might want to call fads and fashions in some non-human primate species (e.g. de Waal 2001), to our knowledge, there is no systematic documentation of anything like this in non-human primate groups that could not more parsimoniously be explained with reference to simpler learning mechanisms.
The proposal here, following Carpenter (2006) , is that this represents a different and important motivation for social learning that may produce more group conformity. For example, human infants have a greater tendency than do chimpanzees for copying the unnecessary 'style' of an instrumental action ; see also Whiten et al. 2009; Nielsen in press) , and in acquiring linguistic conventions, children are not just driven by communicative efficacy but also by the desire to do it like others do (Tomasello 2003) . This analysis would also explain why children in the studies cited above sometimes tended to imitate poor demonstrators when it would have been to their advantage to ignore them, and, in general, why children copy the actual actions of others more readily than do other apes. This socalled social function of imitation-simply to be like others in the group-is clearly an important part of human culture and cultural transmission and enables much more faithful reproduction of behaviour in the process of cultural ratcheting.
Third and finally is the normative dimension of human cultural transmission. Bruner (1993) emphasizes that human culture persists and has the character that it does, not just because human children do what others do, but also because adults expect and even demand that they behave in certain ways. Children understand that this is not just the way that something is often done, but rather the way it should be done. In a recent study, Rakoczy et al. (2008) found that 3-yearold human children not only copied the way that others did things, but when they observed a third party doing them in some other way they objected and told them they were doing it 'wrong'-and even taught them the 'right' way. Kelemen (1999) has also shown that young children learn very quickly that a particular artefact is 'for' a particular function, and its other uses may be considered wrong. Although there is very little direct research, at the moment there would seem to be no evidence that any non-human primates engage in any kind of third-party punishment of non-conforming behaviour (Fehr & Fischbacher 2004) , much less any kinds of normative judgements about what oneself and others 'ought' to do.
This normative dimension to human cultural traditions may be seen again as deriving from teaching, in this case adults teaching children how to and how not to do things. But this is not totally accurate, as it was not the case in either the Rakoczy et al. or the Kelemen study that children observed adults making normative judgements about the right and wrong actions involved. So they were not copying adults teaching others what not to do; the children spontaneously jumped to the conclusion that the way the adults were showing them how to do it was the right way, to which everyone should conform. The evolutionary source of this normative dimension to human activities is not immediately clear, although it is surely bound up in general, one would think, with group identity and conformist transmission (this is how we, the members of this group, do things-even if others do them differently)-as enforced by punishment, including third-party punishment. But in the current context, the main point is simply that the normative dimension of human social learning in some contexts serves to further guarantee an unusual degree of faithful transmission across generationsone is punished for not doing it the right way, after all-in a way that supports the further ratcheting up in complexity of cultural artefacts and practices across historical time.
These three additional processes-teaching, social imitation and normativity-represent the contribution of humans' special forms of cooperation to the process of cultural transmission across generations. They all assume cooperative motives and group identity, conformity and even morality of a type not typically attributed to other primate species. The key point here, again, is simply that it may be these three cooperative processes-along with the tendency of human learners to focus on actions as well as outcomesthat give human cultural traditions their extraordinary stability, cohesion and cumulativity. They ratchet up the ratchet.
CONCLUSION
One way to focus the question is to ask whether chimpanzee culture is more similar to that of other non-human primates-for example, orangutans and capuchin monkeys-or more similar to that of humans. To our mind, chimpanzee culture is clearly of the same general type as that of their ape and monkey cousins. What distinguishes the chimpanzee version is mainly quantitative: many more traditions have been identified. This may have something to do with observation time, but it may also result from the fact that chimpanzees use such a wide array of tools when compared with other non-human primate species (i.e. their ZLS may be wider). Different uses of tools are quite salient to observers, but more important is the fact that emulation learning and other low-fidelity social learning mechanisms can be used to socially learn tool use activities (whereas it is of much less use in most social behaviours). The key point in the current context is that the cultural traditions of non-human primate species, including those of chimpanzees, do not seem to accumulate modifications over time with any kind of ratchet effect. Rather, they represent behavioural biases of different populations-all within the respective species' ZLSgenerated by founder effects, individual learning, and product-oriented (rather than process-oriented) copying.
Human cultural traditions can and do accumulate modifications over time, thus producing improbable design that survives over multiple generations. Our explanation of this phenomenon for many years has focused on the fact that human social learners focus to a much greater degree than other non-human primates on the actual actions performed by others (process copying), not just the results produced on the environment (product copying). But added to that we believe that uniquely human forms of cooperation make human social organization in many ways different as well, as things such as teaching and norms of conformity contribute to the cultural ratchet.
As always, it may be that we have underestimated chimpanzees' skills and motivations for social learning and cooperation. The studies of Whiten et al. (2009) have shown at the very least that emulation learning can lead to the cultural transmission of instrumental tasks in much more powerful ways than many people, including us, would have suspected. But we still see no solid evidence of accumulating culture in chimpanzees, or any kind of ratchet effect. Our hypothesis at the moment is thus that this is owing to quantitative differences with humans in the attention paid to the actions of others and to qualitative differences with humans in the way that cooperative skills and motives lead to extreme cultural inventiveness, along with teaching, social imitation and norms of conformity. These differences create in human societies a uniquely powerful cultural ratchet.
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ENDNOTES
1 Importantly, to determine the source of these behaviours, when investigators compared the techniques used by three motherinfant pairs in different situations, there was no relationship. The end of the quote is: ' . . . but our findings are consistent with the interpretation that army ant eating by chimpanzees varies culturally'. We take this to mean that, in their opinion, there are population differences (cultural variation) in the behaviour, but that the process by which this variation is maintained is not based on sociocultural processes (such as imitation).
3
There are, of course, special situations like the island of Tasmania, where the early inhabitants seem to have dropped some of their cultural complexities. The reasons for this are not completely clear (although see Henrich 2004 for a promising approach), but the claim is not that human cultures always ratchet up in complexity inevitably, but only that they are capable of doing so under the right conditions. 4 Underlying learning mechanisms matter, and this is best demonstrated with an invented example: a thirsty animal might only rarely find a hidden water hole alone, but it may do so reliably after having observed another animal moving towards the hidden water. Yet, it did not have to learn how to approach the hole (it was adept at running and drinking before), instead it had to remember a new location. Let us suppose this process repeats itself for a few more times, and our animal retains memory of the best water holesthen eventually our observer animal might have 'upgraded' its knowledge so that it now knows the whereabouts of an extremely well hidden, yet vast, crystal-clear and predator-free water hole. Would this constitute a case of cumulative culture? We do not think so. Relative rarity of behaviour alone is not a sufficient criterion, and neither are mere changes. We would rather like to reserve this term to those cases where actual processes are being copiedand to show this requires special control conditions (like in our loop task). For this reason, we would not have been convinced of cumulative culture even if the chimpanzees tested by MarshallPescini & Whiten (2008) had shown an upgrade of technique (and the same is in principal true for the positive findings in human children of Whiten et al. (2009) ). Instead, we would have called it a step-wise tradition, subsumed under our ZLS concept.
